Objectives: This study aims to investigate the relationship between postural changes detected in ankylosing spondylitis (AS) vertebrae and clinical and demographic characteristics of patients using a three-dimensional ultrasonic system. Patients and methods: A total of 44 AS patients (36 males, 8 females; mean age 39.1±9.8 years; range, 18 to 63 years) and 44 healthy volunteers (36 males, 8 females; mean age 38.4±9.4 years; range, 18 to 65 years) were included. Clinical, demographic, and laboratory data were recorded. Spinal posture analysis was performed using a Zebris CMS20 three-dimensional ultrasonic system. Results: Thoracic kyphosis angle was significantly higher in the AS group (45.4±12.8°) than in the control group (36.9±7.7°) (p=0.001). Lumbar lordosis angle was significantly lower in the AS group (20.7±10.6°) than in the control group (28±8.2°) (p=0.002). There were no significant differences in total trunk inclination or sacral angles (p>0.05). Increase in thoracolumbar length at maximum spinal flexion and decrease in thoracolumbar length at maximum spinal extension were significantly lower in the AS group (p<0.05). A negative correlation was found between the thoracic kyphosis angle and length increase in spine flexure as well as chest expansion. Thoracic kyphosis angle had a statistically significantly positive correlation with age at onset of symptoms and tragus-wall distance (p<0.05). Conclusion: Significant changes were observed in spinal posture in patients with AS. In addition, significant correlations were found between dynamic postural changes and spinal mobility. We think that postural evaluation and follow-up should be carried out with other parameters. Awareness of AS patients about postural changes should be increased, and proper exercise treatment should be applied.
Ankylosing spondylitis (AS) is a disease characterized by chronic inflammation, particularly in the spinal enthesis and surrounding bone. Mechanical stiffness in the affected joints is a reflection of the progressive fusion in adjacent vertebral segments, and decreased range of motion of the joints leads to decreased axial movements. 1 Posture is a term used to describe a position of the body or the arrangement of body parts relative to one another and analyzed as static and dynamic. Static posture usually refers to the standing or sitting position. Dynamic posture refers to the movement patterns and alignment of a person's body during activity. Postural control is defined as the ability to maintain the body's relationship with the environment, to adjust the alignment of the body under the effects of gravity, and to allow the center of gravity of the body to be properly transferred to the support surface. 2 Poor posture may cause balance disorders in patients with AS. 3 Balance disorders in AS patients may also be associated with severe joint deformities. The increased thoracic kyphosis seen in AS patients causes the center of gravity to shift forward and downward. 4 However, as the disease progresses, these adaptive changes become insufficient and a balance disorder becomes inevitable. With an increased risk of falls, it is easy to develop fractures of the rigid spine. 5 A combination of non-pharmacological and pharmacological treatments is considered to be the ideal treatment for patients with AS. Non-pharmacological treatment includes patient education and regular exercise. The main purpose of exercise is prevention of flexion and stiffness, and protection and improvement of quality of life and functional capacity. The long-term goal is to provide and maintain a good posture. Exercise therapy may include home-based exercise programs, supervised exercises, group exercises, or spa-based exercises. 6 An ultrasound-based motion analysis system can be used to assess the spinal posture and range of motion. [7] [8] [9] [10] [11] Test-retest reliability of the neutral kyphosis angle has been demonstrated with a system of this type. 12 There are only a few reports on the relationship between posture and clinical and demographic characteristics and disease activity in patients with AS. 4, 13, 14 Therefore, in this study, we aimed to investigate the relationship between postural changes detected in AS vertebrae and clinical and demographic characteristics of patients using a three-dimensional ultrasonic system.
PATIENTS AND METHODS
The study was carried out with 88 subjects, 44 with AS (36 males, 8 females; mean age 39.1±9.8 years; range, 18 to 63 years) and 44 healthy volunteers (36 males, 8 females; mean age 38.4±9.4 years; range, 18 to 65 years) at Medical Faculty of Trakya University between September 2014 and January 2015. The patients with AS were diagnosed according to the modified New York criteria and were followed-up in our rheumatology outpatient clinic. Patients were excluded if they had a history of spinal cord repair surgery; were younger than 18 years or older than 65 years; had neurological diseases (stroke, spinal cord injury, cerebral palsy), mental retardation, limb length inequality, or serious emotional disturbances; or were pregnant. The study protocol was approved by the Medical Faculty of Trakya University Ethics Committee. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Age, sex, height, body weight, and body mass index (BMI) of all subjects were evaluated and recorded. For patients with AS, the age at onset of symptoms, diagnosis age, duration after the diagnosis of the disease, delayed diagnosis 15 Physical examination included measurement of the chin-manubrium sterni distance, occiput-wall distance, fingertip-tofloor distance, and chest expansion. Laboratory analyses included estimation of the C-reactive protein (CRP) level and sedimentation rate. All of these evaluations were performed by the same researcher.
The spinal posture analysis portion of the Zebris CMS20 device (Zebris Medical GmbH, Isny, Germany) was used. With this device, a threedimensional ultrasonic spinal posture analysis was performed as static-dynamic measurements of the spine. The static measurements were performed in the sagittal plane, so that thoracic kyphosis angle, lumbar lordosis angle, sacral angle, and total trunk inclination angle were measured. Scoliosis angle was measured in the frontal plane ( Figure 1) . 8 In the dynamic measurements, thoracolumbar spine length was measured (mm) in the neutral position, in flexion, and in extension. The measurement error was 1.96° and 2.2 mm for all parameters, and the sensitivity was 0.2 mm and 0.5°, as defined by the manufacturer. [7] [8] [9] Related studies 16, 17 have shown that this type of ultrasound-based device identifies spinal curvatures at an appropriate level of accuracy and that the intra-and interobserver errors were insignificant. Physical examination and spinal posture analyses were performed in the afternoon so that morning stiffness would not affect the measurements. The data obtained were recorded using WinSpine (Zebris Medical GmbH, Isny, Germany) software.
The components of this measurement system include a measuring device, a sound wave emitting pointer, and software. The measurement device has a height-adjustable lever and is fixed at a distance of 80 cm to the subject ( Figure 2 ). The pointer contains two sound wave-emitting sources and one button. A square of 25¥25 cm was drawn on the floor, in which the subject stood in a neutral position, and calibration was repeated before each measurement. In the static measurement, when the pointer contacted the reference anatomical points of the subject (acromion, angulus inferior scapulae, spina iliaca anterior superior, spina ilia posterior superior, crista iliaca, between the thoracic vertebra 12 [T12] and first lumbar vertebra [L1], and the spinal column from cervical vertebra 7 [C7] to the sacrum), the button was pressed.
In the dynamic measurement, the marked vertebral processes between C7 and the sacrum at maximum flexion and extension were plotted with a pointer. The software determines the location of the marker in three dimensions, and the measurements were carried out in order. The researcher and the volunteers were not allowed to enter the room with their mobile phones to prevent the measurement results from being affected. 8 Posture assessment was performed by the same researcher in all cases and conducted three times for each subject, and the average of the three measured values was calculated.
Statistical analysis
The statistical analysis was performed using IBM SPSS version 20.0 software (IBM Corp., Armonk, NY, USA). Descriptive statistics (mean, standard deviation) were used in the analysis of results. The comparison of age, height, weight, and BMI was performed using the Student t-test. The Mann-Whitney U test was used to compare the spinal curvatures and the length of the spine between the groups. Binary relationships between variables were statistically evaluated using Spearman's correlation analysis. A Spearman's correlation coefficient of 0-0.30 was considered fair, 0.31-0.50 moderate, 0.51-0.70 good, and 0.71-1.00 excellent. The results were evaluated at the 95% confidence interval, and a p value of <0.05 was considered statistically significant.
RESULTS
No difference between the two groups was observed for demographic characteristics (p>0.05) ( Table 1 ). The mean age at onset of AS symptoms was 25.1 years. The mean delayed diagnosis duration was calculated to be 8.1 years (Table 2 ).
In the AS group, the degree of thoracic kyphosis was significantly higher (45.4±12.8°) than in the control group (36.9±7.7°) (p=0.001). Lumbar lordosis angle was significantly lower than that in the healthy volunteers (p=0.002). No statistically significant difference was observed for total trunk inclination or sacral angles (p>0.05) ( Table 3 ).
There were no statistically significant differences between the groups in terms of the thoracolumbar length values (p>0.05). On the other hand, the increase in thoracolumbar length during maximum spinal flexion and the decrease during maximum spinal extension were significantly lower in the AS group (p<0.05) ( Table 4) .
When the thoracic kyphosis angle was compared with clinical and disease activity parameters, there was a significant negative correlation with chest expansion (p<0.05). It was also observed that the thoracic kyphosis angle had a statistically significantly positive correlation with the age at onset of AS symptoms and the tragus-wall distance (p<0.05). The lumbar lordosis angle had a statistically significantly positive correlation with the modified Schober's test value (p<0.05) ( Table 5 ).
When the thoracic kyphosis angle was compared with the clinical, laboratory, and disease activity parameters, there was no statistically significant correlation with the lumbar lordosis angle; thoracolumbar spinal length decrease in extension; exercise frequency; exercise duration; duration of the disease; delayed diagnosis duration; It was determined that the increase in thoracolumbar length on flexion had a statistically significantly negative correlation with thoracic kyphosis angle, tragus-wall distance, chinmanubrium distance, and BASMI score (p<0.05) ( Table 6 ).
The degree of thoracic kyphosis was compared with the duration after diagnosis, delayed diagnosis duration, and age at onset of symptoms. A statistically significant positive correlation was observed only for the age at onset of AS (p<0.05).
DISCUSSION
In this study, we aimed to evaluate the spinal posture of AS patients and compare it to that in a control group. Our second aim was to determine the factors that affect the static and dynamic measurements of the spinal column. For the first objective, we performed measurements using an ultrasound-based device. For the second, we examined the parameters that may affect posture in patients with AS.
As a result of the spinal posture analysis with the three-dimensional ultrasonic system, we found that the thoracic kyphosis angle was increased and the lumbar lordosis angle was decreased in patients with AS compared the healthy group. It has been reported that the alterations in the spinal posture of patients with AS decrease lumbar lordosis, increase thoracic kyphosis, and reverse cervical lordosis. 3 To facilitate diaphragmatic breathing in patients with AS, the abdominal muscles become relaxed. As a result of hip flexion contracture, compensatory knee flexion occurs. 3 In the literature, there are different methods and results about spinal posture assessment in patients with AS. Postural evaluation of patients with AS is also mostly performed by inclinometer and spinal radiography. 4, 18 As part of the studies evaluating spinopelvic parameters with lateral radiography, Shin et al.
14 reported a low lumbar lordosis angle and a similar thoracic kyphosis angle in patients with AS compared to that in a normal group. However, significant relationships have been reported between clinical parameters and lumbar lordosis in patients with AS. By a similar method, Lee et al. 18 examined 90 AS patients and 40 healthy volunteers and found no statistically significant differences in the degree of thoracic kyphosis, whereas the lumbar lordosis degree was significantly lower in the AS group. However, there are also some publications that suggest that treatment modalities for AS patients may influence the angle. When the spinal sagittal plan angles of 12 AS patients receiving antitumor necrosis factor treatment and healthy volunteers were evaluated by inclinometer, the thoracic kyphosis angle was higher in the AS group, and the lumbar lordosis angle did not differ. In the same study, there was a significant level of limitation in spinal mobility in the AS group. 4 The different outcomes observed in different groups of spinal curvatures suggest that in some patients there is no expected change in spinal posture. Although there were significant statistical differences in the spinal curvature between the groups in our study, it is possible to see both very elevated spinal angles and normal angles in patients with AS. By this means, it can be deduced that some patients have a progressive involvement of the spine. The main purpose of posture evaluation is to determine the aspects that are outside of the normal range and try to correct them. Another goal in assessing posture may be to recognize as early as possible those patients who are likely to progress. For this reason, we believe that it is useful to objectively measure and record the posture assessment values of these patients. In addition, to our knowledge, it is not known exactly why the spine posture progresses faster in some patients. In our study, thoracic kyphosis was found to positively correlate with the age at onset of symptoms and negatively correlate with the thoracolumbar length increase in flexion. Therefore, further studies are needed to identify the factors that affect the spinal posture.
The limitation in lumbar spinal mobility in the sagittal and frontal planes is one of the Modified New York criteria. 19 In our study, the length of the increase in flexion and decrease in extension in the AS group were highly statistically significant, since AS is a disease that limits movement of the spine. We did not find any previous studies of total thoracolumbar length in AS patients. However, the modified Schober's test evaluates spinal mobility in AS patients and is frequently used. In our study, the increase in thoracolumbar length in flexion measured in the AS group was negatively correlated with the thoracic kyphosis angle, tragus-wall distance, chinmanubrium distance, and BASMI score, whereas it was positively correlated with the modified Schober's value, exercise duration, spinal lateral flexion distance, and cervical rotation angle. The thoracolumbar length decrease in extension had a statistically significant positive correlation with weekly exercise duration. We think that dynamic thoracolumbar length measurement, which is an expanded version of the modified Schober's test, may be a parameter to monitor spinal restriction because of the correlation with many values related to spinal mobility.
Posture and balance are closely related concepts and a high occiput-wall distance demonstrates a decreased level of balance; thus, a dynamic balance disorder may occur in AS. There are many body systems used to provide postural stability, such as balance, visual, somatosensorial, and musculoskeletal systems. In patients with AS, the systems related with motor response part of postural control are intact, but the musculoskeletal system is not. 2 Various results have been reported related to postural stability in patients with AS. 1, 3, 20, 21 Dursun et al. 5 observed that the number of falls experienced by patients with AS was significantly correlated with BASFI and BASMI, whereas there was no significant relationship between BASDAI and the number of falls. As BASFI and BASMI reflect the chronic damage associated with the disease, they may be accepted as more important risk factors when compared with BASDAI. Moreover, Souza et al. 22 reported that balance in AS patients was worse than in healthy volunteers; furthermore, they stated that there was a positive correlation between pain and balance. Rou et al. 13 found that in AS patients, the pain score was higher in patients with hyperkyphosis and scoliosis, whereas the BASFI score was significantly higher in patients with kyphoscoliosis. In our study, there was no statistically significant correlation between the thoracic kyphosis angle and BASFI, BASDAI and BASMI mean scores.
In various studies, the positive effects of exercise on the clinical and disease measurements of AS patients have been shown. [23] [24] [25] [26] In our study, it was determined that for AS patients, the weekly exercise duration was positively correlated in a statistically significant level with both the increase in the length of thoracolumbar spine in flexion and decrease of length in extension. The postural alterations observed in AS are one of the most important complaints that affect an AS patient's daily activities. The natural course of the disease distorts the spinal posture and affects the entire body through a chain reaction. The progression of disease has an impact on the postural stability and compensatory strategies. During this period, the main purpose is to maintain the functionality and adaptation in daily life activities. 27 There are a limited number of articles on spinal posture assessment in patients with AS. In these publications, different methods were used for postural analysis. Spinal posture evaluation in patients with AS is often performed with X-ray. 14, 18 With X-ray, static measurements can be established on the spine while the most important disadvantage is the radiation.
To the best of our knowledge, there is no published literature on AS patients with the device that we used. Our method is radiation free and can assess the spine comprehensively. In addition, the thoracolumbar length can be dynamically measured. Our results showed that serious postural changes might occur in patients with AS, as has been previously reported. We also emphasized the positive effect of exercise in patients with AS by means of thoracolumbar length change, which is a new and different dynamic measurement.
This study has some limitations. We did not compare the posture values measured with the device to X-ray measurements because of the radiation effect, and there were a limited number of subjects. We did not perform intra-and interobserver reliability test. On the other hand, the demographic characteristics of our control group were well-matched to those of the AS group.
In conclusion, significant changes were observed in spinal posture in patients with AS. In addition, significant correlations were found between dynamic postural changes and spinal mobility. We think that postural evaluation and follow-up should be carried out with other parameters. Awareness of AS patients about postural changes should be increased, and proper exercise treatment should be applied.
